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1.0INT RODUCTION AND DESCRIPTION OF THE WATERSHED

Homme Dam is located on the South Branch of the Park River located two miles west of Park
River (Figure 1) Completed in 1950, Homme Dam i&%4-acre reservoir designed for flood
control and water supply benif{(NDDoH, 2010 (Table 1 and Figurg).

TheHomme Dam Recreation Area provides local residents plenty of leisure opportunities such
as fishing, boating, camping, hiking, hunting, and snowmobiling. Recerigach and

swimming area have been recondigd near the dam. A bike/walking trail have also been
constructed on the west side of the Park River that leads to Homme Dam.

Table 1. General Characteristics of Homme Dam and Homme Dam Watershed.

Legal Name HommeDam

Major Drain age Basin ParkRiver Basin

Nearest Municipality Park River North Dakota
Assessment Unit ID ND-0902030-001-L_00
County Location Cavalier and WalsRountes

Physiographic Region Northern Glaciated Plains and Lake Agassiz Plai

Latitude 4840628

Longitude -97.79094

Watershed Area 131,69%cres

Surface Area 194 acres

Average Depth 16.5feet

Maximum Depth 34.5feet

VVolume 2,863.9acre/feet
Tributaries South BranchParkRiver
Type of Waterbody Reservoir

Dam Type Earthen Dam

Fishery Type Northen Pike, Yellow Perch, Crappie




Homme Dam Nutrient TMDL

Draft: August 2012
Page2 of 27

o

N

Legend

LJ\ﬁ/:\

L~

——— South Branch Park River
w

l: Homme Dam Watershed

-~

Figure 1. General Location of HommeDama n d Wateled

Depth ( feet )
os
[ s10
B o
B s
B x>
s
| =S
Bl oo
Data

X Max. Depth
- 5 fi contours.

g(xnwﬁwéa

o7 W AW

oraEa0”

Lake Statistics

Volume (acre/feet) 2.863.9
Average Depth (feet) 165
Max Depth (feet) 345
Shoreline (miles) 48

W

Boat Ramp
Fishing Pier
Vault Toilet
Fish Cleaning
‘Water Control
Structure

Figure 2. North Dakota Game and Fsh Contour Map of Homme Dam



Homme Dam Nutrient TMDL Draft: August 2012
Pages3 of 27
The Homme Dam watershed lies within four level IV ecoregions. These are the Pembina
Escarpnent (46a), Northern Black Prairie (46B)ift Plains(46i), Glacial Lake Agassiz Basin
(48a), and Sand Deltas and Beach Ridges (48b) (Figuréh® Pembina Escarpment (46a)
ecoregion is characterized by a steep dissected escarpment created bycolaciag,svith
glacial till over Tertiary sandstone and shaRerennial streamithin the Pembina Escarpment
ecoregiorhave high gradients and consist of cobble substiite. Northern Black Prairie (46Q)
consists of glacial till soils over a generdligt landscape dotted by the occasional washboard
undulationsahigh concentration of temporary and seasonal wetlands, and a simple drainage
pattern. The Drift Plains ecoregion (46i) was created from the retr&digugpnsinan glaciers
which left a suble rolling topography, thick glacial till and a large number of temporary and
seasonal wetlands. The Drift Plains contain productive soils and level topography which largely
favors cultivation practices. The Glacial Lake Agassiz Basin (48a) is distieglis/ thick
lacustrine sediments underlain by glacial till, the landscape is extremely flat, and contains few
lakes or wetlands compared to adjacent ecoregiohs.Sand Deltas and Beach Ridges (48b),
which consists of parallel lines of sand and graeehid from the wave action of Lake
Agassi zods varyi ng idelmate festeis a grasslarichngitioral betwelerhthe m
tall and shortgrass prairie. The historic tall grass prairie has been replaced by intensive
agriculture(USGS, 2006) (Figu 3)
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1.1 Clean Water Act Section 303(d) Listing Information

As part of the 202 Section 303(d) List of Impaired Waters Nekatal Maximum Daily

Loads (i.e., 202 TMDL List), the Norh DakotaDepartment of HealttNDDoH) has
assesseHlommeDamasiif ul |y supporti nigparddtior t ifteaheaerd:
ot her aquatic biotao (i .e., aquatic | ife) an
assessment was first doioe the2002 Section 303(d) listing cycle using the 1996 LWQA

total phosphorudata as the primary trophic status indicgiicable 2). As described in the

202TMDL | ist, the cause of t hnatrientbugophicenp ai r me nt
tion/biological indicatorso North Dakoté® 2012 TMDL list did not providenformation on

any potential sources of these impairmentkis TMDL report addressdsoth the aquatic

life and recreation impairments causedihytrienteutrophicatiorbiological indicatorso

HommeDamhas been classified as a Cl8ssarm-water fisheryjicapable of supporting

natural reproduction and growthwhrmwater fishes (i.eargemouth bass and bluey@nd

associated aquatic biota and marginal gro®thme cool water speciesmayalsb e pr esent
(NDDoH, 2aL1).

As reflected in its title, this TMDL report only addresses the nutrient impairments for aquatic
life and recreation use. Sediment remains as a Section 303(d) TMDL listed pollutant
threatening aquatic life use. Once the susied sediment data that we collected as part of
the watershed assessment project (NDDoH, 2010) are made available, these data will be
analyzed and a TMDL will be prepared to address this pollutant.

Table 2. Homme Dam Section 3034) Listing Information (NDDoH, 2012).

Assessment Unit ID ND-09020316001-L_00
Waterbody Name Homme Dam
Class 31 Warm-water fishery

Fish and Other Aquatic Biota and Recreation (fully
supporting, but threatened)

Causes Nutrient/Eutrophica tion Indicators; Sediment
Priority High

First Appeared on 303(d) List | 2002

Impaired Uses

1.2Land Use/Land Cover

Land use in thélommeDam watershed is primarily agricultural. Accordioghe 2007
National Agricultural Statistical Service (NASS) land surveyadapproximatelp8
percent of the land is active cropla@@,percent pasture/grasslardyercent wetlands,
and the remainind@1 percent in either forest, open water, bartgban developmengtr
fallow/idle cropland. The majority of the crops growamsist ofspring wheatcanola,
barley, sunflowers, angbybeangFigure4).
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Figure 4. National Agricultural Statistical Survey (2007) Land Use Mapfor the
Homme Dam Watershed

1.3Climate and Precipitation

WalshCounty has a subhumid climate chaesizied by warm summers with frequent hot
daysand occasional cool days. Winters are very cold influencduddsysof arctic air
surging over the area. Arxage temperatures range fron? Ednthewinter to 68 F in
thesummer. Precipitation occurs panily during the warm period and is normally
heavy in late spring and early summer. Tatsrageannual precipitatiofior Walsh
Countyis about20inches. About 16 inches 86 percent of raindlls between April and
October Figure4 and5 shows the amual precipitatior(19912011)andtotal

precipitation (2012011)for the area as represented by the North Dakota Agricultural
Weather Network (NDAWN) weather statitotated inLangdon, ND
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1.4 Available Water Quality Data

1.4.11996Lake Water Quality Assessment Project

In thelatel 9 % ¢hdough a grantdm theEPA Clean Lakes Program the North Dakota
Department of Health conducted.ake Water Quality Assessment Project (LWQ@H)

lakes and reservoirs in the state.

HommeDam was one of the reservoirs targeted forli®@6L WQA. As such,

monitoring cosisted ofone sampleollected inJuly and August 2006The amples
were collected at one site located in the deepest area of the lakéqBgaigure 6).

The 19% LWQA Project characterizéddommeDam as havingnean surface
concentration of totgphosplorusof 0.074mg/L,

wh i

c h

exceeded t

he

goal forlake maintenance and improvement concerradf 0.02 mg/Lduring all

sampling occasions.

Table 3. Data Summary forHomme Dam Lake Water Quality Assessmen(1996.

Deepest Site (38129

PRIEIISEr Sa#mcgles Average
Total Phosphorus (mg/L) 2 0.074
Dissolved Phosphorus (mg/L) 2 0.048
Total Kjeldahl Nitrogen (mg/L) 2 0.70
Nitrate/Nitrite (mg/L) 2 0.035

1.4.2 2006Homme Dam Water Quality

Homme Dam was also sampled at the dsegpige 381260 in Jy August, and

September

2006 .

Ho mme

Damos

me an

calculated at 0.146 mg/lBJmost twice the concentration reported in 1996

surf ace

Table 4. Data Summary for Homme Dam Water Quality Assessmen2Q06).

Deepest Site (38129

# of
PEVEIIEUE] Samci)les Average
Total Phosphorus (mg/L) 3 0.146
Dissolved Phosphorus (mg/L) 3 0.087
Total Nitrogen (mg/L) 3 1.18
Total Kjeldahl Nitrogen (mg/L) 3 1.16
Nitrate/Nitrite (mg/L) 3 0.02

St

c
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1.4320102011Homme Dam Water Quality and Watershed AssessmerRroject

TheWalsh CountyThree RiversSoil Conservation District (SCD) conducted a water
guality and watershed assessmeriiommeDama nd i t 0 sfromwJure01@th e d
September 2011Sampling was condued at one tributary inlet site (3821), at the

outlet fromHommeDam (3&537), and at one reservoir site located in the deepest area of
the reservoir (3818D). Monitoring sites are identified in Table 4 and Figtre

Table 5. General Information for Water Quality Sampling Sites forHomme Dam.

Dates Sampled
Sample Site Site ID Start End Latitude Longitude
Stream Sites
Inlet 380121 June 2010 September 2Q1L | 4841447 -97.86189
Outlet 38%37 June 2010 September 201 484 -97.76
Lake Sites
Deepest 38128 June 2010 | September 20]1| 4840628 -97.0094

00 Ez:;z
(]

!

[ ".‘.:‘H'i\
- o .
.
380121
_4%
W&BK

S

NORTH DAKOTA
DEPARTMENT or HEALTH

L —_—

Figure 7. Streamand Lake Sampling Sites foHomme Dam.

Stream Monitoring

Sampling frequency for the stream sampling sites was stratified to coincide with the
typical hydrograph for the regioThis sampling design resulted in more frequent
sample<gollectedduring spring and early summer, typically when stream discharge is
greatestand less frequent samplesllectedduring the summer and fall. Sampling was
discontinued during the winter dugrce cover.Stream ampling was also terminated if
the stream stopped flowing. If the streamdpeip flow again, water quality sampling
was reinitiated.
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Lake Monitoring

Water quality was monitored by the Walsh Couhtyee Rivers SCD in Homme Dam at
the deepest site (381260) between June 2010 and SeptembeirR0dder to accurately
account for temporal variation in lake water quality, the lake was sampled twice per
month during the open water season and monthly under ice cover conditions.

TheWalshCountyThree RiversSCD followed the methodology for watguality
sampling found in th@uality Assurance Project Plan (QAPP) for HeammeDam
Water Quality and Watershed Assessment Project (DHQR201).

Nutrient Data

In 2010, aeragegrowingseason (ApriNovember)otal phosphorusoncentrationsand
dissolved phosphorus concentrations weB38 mg/L and @00 mg/L, respectfully
while average total nitrogen ardtal Kjeldahl nitrogerconcentrations werg.600mg/L
and1.001mg/L, respectiely (Table6). The average chlorophyd concentration was
13.3 pg/Lin 2010 (Table 6)

In 2011, the average total phosphorus concentration was 0.233 mg/L, while the average
dissolved phosphorus concentration was 0.189 ritgble 7) Total nitrogen ad total
Kjeldahl nitrogen concentrations were 1.615 mg/L and 0.987 megpectively The

average chlorophyh concentration was 20.5 pg/L.

Average nitrate/nitrate concentrations were 0.27 mg/L and 0.422 mg/L in 2010 and 2011,
respectfully. Of the 56itrate/nitrite samples collected in 2010 and 2011, four samples (7
%) exceeded the interim guideline limit of 1.0 mg/L (Table 8).

Table 6. 2010 Homme Dam (Deepest Site 381260)/ater Quality Data Summary.

Parameter N | Average | Minimum | Maximum | Median
Total Phosphorus (mg/L) 27 0.338 0.194 0.884| 0.302
Dissolved Phosphorus (mg/L) | 24 0.300 0.176 0.776| 0.260
Total Nitrogen (mg/L) 27 1.600 1.020 2.290| 1.490
Total Kjeldahl Nitrogen (mg/L) | 27 1.001 0.839 1.175| 0.975
Nitrate/Nitrite (mg/L) 27 0.270 0.015 0.870 0.18
Chlorophylta (ug/L) 9 13.3 0.75 36.7 12.2
Secchi Disk (meters) 9 1.3 0.6 2.7 1.2

Table 7. 2011 Homme Dam (Deepest Site 381260) Water Quality Data Summary

Parameter N | Average | Minimum | Maximum | Median
Total Phosphorus (mg/L) 29 0.233 0.117 0.904 0.184
Dissolved Phosphorus (mg/L) | 29 0.189 0.078 0.758| 0.147
Total Nitrogen (mg/L) 29 1615 0.936 2.750 1.35
Total Kjeldahl Nitrogen (mg/L) | 29 0.987 0.321 1.534| 0.975
Nitrate/Nitrite (mg/L) 29 0422 0.015 1.24| 0.086
Chlorophylta (pg/L) 10 20.5 0.75 61.4 17.9

Secchi Disk (meters) 9 1.3 0.4 2.1 1.3
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SecchiDisk Transparency Data

The averaggrowing seasofecchi diskransparencyn 2010 and 201tvas 13 meters
(Tables6 and 7. In 2010, the maximum Secchi disk transparency measurement recorded
was 2.7 meters, while the maximum measurement in 2011 was 2.1 meters.

2.0WATER QUALITY STANDARDS

The Clean Water Act requires that Total Maximum Daily Loads (TMDLS) be developed for
waters on a state's Section 3dtBgidiyiduali st . A T
wasteload allocations for point sources and load allocations for nonpoint sources and natural
backgroundodo such that the capacity of the wat
exceeded. The purpose of a TMDL is to identifypgb#utant load reductions or other actions

that should be taken so that impaired waters will be able to attain water quality standards.

TMDLs are required to be developed with seasonal variations and must include a margin of

safety that addresses the utamty in the analysis. Separate TMDLs are required to address

each pollutant or cause of impairment (i.e., nutrients, sediment).

2.1 Narrative Water Quality Standards

The NDDoHhas set narrative water quality standards, which apply to all surtteesw
in the state. The narrative standards pertaining to nutrient impdsrae listed below
(NDDoH, 201.1).

1 All waters of the state shall be free from substances attributable to municipal,
industrial, or other discharges or agricultural practices mceotrations or
combinations which are toxic or harmful to humans, animals, plants, or resident
aguatic biota.

1 No discharge of pollutants, which alone or in combination with other substances
shall:
1) Cause a public health hazard or injury to environmegataurces;
2) Impair existing or reasonable beneficial uses of the receiving waters; or
3) Directly or indirectly cause concentrations of pollutants to exceed applicable
standards of the receiving waters.

In addition to the narrative standards, the NDDoH leas ®iological goal for all surface
waters in the state. The goal states that
be similar to that of sites or waterbodies determined by the department to be regional
reference sillps, 0 (NDDoH, 20

2.2 Numeric Water Quality Standards

Homme Damis classified as a Cla8warmwater fishery. Clas8 fisheries are defined
as wat er hbbteaofiswportimpatara reproduction angrowth ofwarmwater
fishes(i.e.largemouth basandbluegill) andassocited aquatic biotaSome cool water
species may also be present ( N Q BOblH All classified lakes in North Dakota are
assigned aquatic life, recreation, irrigation, livestock watering, and wildlife beneficial
uses. The North Dakota State Water Quaiigndard¢§NDDoH, 2QL1) state thatakes
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shall use the same numeric criteria as Class 1 streéachsling theState standard for
dissolvednitrateas N of 1.0 mgL, whereup to 10 percent of samples may excted
1.0 mgL, andState guideline nutriehgoalsfor lakes and reservoirgTable?).

Table 8. Numeric Standards Applicable for North Dakota Lakes and Reservoirs
(NDDoH , 2011).

State Water Quality Standard | Parameter Guidelines | Limit
Numeric Standard for Class | and| ~ Nitrates 1.0 mg/L Maximum
Classified Lakes (dissolved) allowed
Guidelines for Goals in a Lake NO3 as N 0.25 mg/L Goal
Improvement or Maintenance
Program PO4 as P 0.02 mg/L Goal

1AUp to 10% of samples may exceéed

3.0 TMDL TARGETS

A TMDL target is the value that is measured to judge the success of the TMDL effort. TMDL
targets should be based on state water quality standards, but can also inckgkcHitevalues
when no numeric criteria are specified in the standard. The followingrs@summarize water
guality targets foHommeDambased on itinkage to maintaining and attaining all of the

r e s e rbeneficial asesWhenthe specific target is mahenthe reservoir will meet the
applicable water quality standards, includirggdesignated beneficial uses.

3.1TSI Target Based onChlorophyll-a

The statebés narrative water quality standa
life and recreation use assessment for Section 305(b) reporting and Section 303(d) TMDL
listing. In the case of this TMDLhte st at e 6 s quabktystaradardsalso foma t e r

the basis for setting the TMDL targebtate water quality standards contain narrative
criteria that require | akes and agtxiser voirs
mal s, plants, or res
y

har mful to humans, ani
amounts to be unsight!| or del eterious. 0
of pollutantso (e.g., organhicghaleeasrinc hment ,

combination with other substances, shall impair existing or reasonable beneficial uses of
the receiving waters. o

The chlorophyHa trophic status indicatas used by thédDDoH as the primary means to
assess whether a lake or reservoinéeting the narrative standaf@&bDoH, 2011)

Trophic status is a measure of the productivity of a lake or reservoir and is directly
related to the level of nutrients (i.e., phosphorus and nitrogen) entering the lake or
reservoir from its watershed andfrom the internal recycling of nutrients. Highly
productive | akes, termed Ahypereutrophic, o
characterized bglense growths afieeds, bluggreen algal blooms, low transparency, and
low dissolved oxygen (DO) concenians. These lakes experience frequent fish kills and
are generally characterized as having excessive rough fish populations (carp, bullhead,
and sucker) and poor sport fisher{&able 9) Due to the frequent algal blooms and
excessive weed growth, thda&es are also undesirable for recreational uses such as
swimming and boating.
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Table 9. Water Quality and Beneficial Use Changes That Occuas the Amount of Algae
(expressed as Chlorophyia concentration) Changes Along the Trophic State Gradient
(from Carlson and Simpson, 1996).

SecchiDisk Total . :
S-I(-:?)Ire ChIo(Lc;[/)Byll 4 Transparency | Phosphorus Attributes Ezzfé:tisoﬁ
(m) (ug/l)
Oligotrophy: Clear
water, oxygen Salmonid fisherieg
=0 <0.95 >8 <6 throughOl)J/tgthe year il dominate
the hypolimnion
Hypolimnia of - .
30-40 0.952.6 8-4 6-12 sggllower lakes may Salmonld fisheries
become anoxic in deep lakes only
rl\r/lwezoirotpry: IW?Fer Hypolimnetic
ingreea;negyp?c?t?ai)ility anoxia results n
40-50 2.67.3 4-2 12-24 of hypolimnetic loss of salmonids.
anoxia during Walleye may
summer predominate
Eutrophy: Anoxic Warmwater
hypolimnia, fisheries only.
50-60 7.320 2-1 24-48 macrophyte problems Bass may
possible dominate.
Nuisance
macrophytes,
Séun?gzsna?é%?e algal scums, and
60-70 20-56 0.51 48-96 scums ad low trqnsparency
macrophyte problemg May discourage
swimming and
boating.
Hypereutrophy:
0.25 (light Iimit_ed
70-80 56-155 0 5 96-192 productivity). Dense
' algae and
macrophytes
Algal scuns, few Rough fish
>80 >155 <0.25 192-384 ' dominate; summe
macrophytes . . .
fish kills possible

Mesotrophic and eutrophic lakes, on the other hand, generally have lower phosphorus

concentrations, low to moderate levels of algae and aquatic plant growth, high
transparency, and adeqed®O concentrations throughout the year. Mesotrophic lakes

do not experience algal blooms, while eutrophic lakes may occasionally experience algal

blooms of short duration, typically a few days to a w@edble 9)

Therefore, for purposes of this TMDEport, it can be concluded that hypereutrophic

lakes do not fully support a sustainable sport fishery and are limited in recreational uses,
whereas eutrophic and mesotrophic lakes fully support both aquatic life and recreation

use.
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Due to the relationshipetween trophic status indicators and the aquatic community (as
reflected by the fishery) or between trophic status indicators and the frequency of algal
blooms, trophic status an effective indicator of aquatic life and recreation use support
in lakesand reservoir¢Table 9)

While thethreetrophic state indicatorghlorophylta, Secchi disk transparency, and total
phosphorusu s e d i n C aachindependerglesiintte algal biomassd should
produce the same index value for a given comlmnaif variable valugsften they do

not While transparency and phosphorus mayaxy with trophic state, many times the
changesim b s er v e d transparencylare kot cawssed by changes in algal biomass,
but may be due to particulate sedimenttal phosphorus may or may not be strongly
related to algal biomass due to light limitation and/or nitrogen and carbon limitation.
Therefore, neither transparency nor phosphorus is an independent estimator of trophic
state (Carlson and Simpson, 1996pr these reasonshe NDDoH givegriority to
chlorophylta as the primary trophic state indicatm®cause this variable is the most
accurate of the three at predicting algal biomass (Carlson, 1980).

The same conclusion was also reached by a+stalté pragct team consisting of lake
managers and water quality specialists from North Dakota, South Dakota, Montana,
Wyoming and EPA Region 8. This group concluded that for lakes and reservoirs in the
plains region of EPA Region 8, an average growing seasorophigt-a concentration

of 20 ug/L or lesshould be the basis for nutrient criteria development for lakes and
reservoirs in the plains region (including North Dakota) and that this chloreplatbet
would be protective oflaofal a k e o r rnefisi@ wsesmadludidgsecrbagon and
aquatic life (Houston Engineering011). The report, prepared by Houston Engineering,
also concluded that most lakes and reservoirs in the plains region typically have high total
phosphorus concentrations, but ntain relatively low productivity, and that due to this
condition, chlorophyHa is a better measure of a lake or reservoirs trophic status than is
total phosphorugHouston Engineering, 2011)

Water quality data collected in the lake in 2@I@ 2011(seeTable 2 in Appendix C)
showed an averaghlorophylla concentration ofd9 ¢ d_ /(TSI Score=58.3andan
average Secchiansparencyepth of 1.3meterg(TSI Score=56.4) Based orthesedata,
HommeDamis generally assessed as a eutrophic (dlable 10).

Based only on the totphosphoruslata and correspondifgs| valueof 83.4, Homme
Damwould be considered hypereutrophiceservoir(Table10, Figure 8) However,
Carlson andsimpson (1996) suggest that if the phosphorus TSI value is higher than the
chlorophylla and Secchdisk transparencySl value(as is the case with Hame Dam)

then algae@loes nodominate light attenuatig@andsomeotherfactor, such as nitrogen
limitation, zooplankton grazing, or toxiosay belimiting algal biomas# the lake
(Tablell).
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Table 10. Car | s on 6 dndides forpitmime Daght at e
TSI Trophic
Parameter Relationship Units Value | Status
Chlorophylta TSI (Chta) = 30.6 + 9.81[In(Ché&)] pg/L 583 Eutrophic
Total Phosphorus (TP) | TSI (TP) = 4.15 + 14.42[(In(TP)] pg/L 834 Hypereutrophic
SecchiDepth (SD) TSI (SD) = 60- 14.41[In(SD)] Meters 564 Eutrophic

TSI <30- Oligotrophic (least productive) TSI 30-50 Mesotrophic
TSI >65 - Hypereutrophic (most productive)

TSI 5065 Eutrophic

Table 11. Relationships Between TSI Variables and Gualitions (from Carlson and

Simpson, 1996)

Relationship Between TSI
Variables

Conditions

TSI(Chl) = TSI(TP) = TSI(SD)

Algae dominate light attenuation; TN/TP ~ 33:1

TSI(Chl) > TSI(SD)

Large particulates, such Aphanizomenofiakes, dominate

TSI(TP) = TSI(SD) > TSI(CHL)

Nontralgal particulates arolor dominate light attenuation

TSI(SD) = TSI(CHL) > TSI(TP)

Phosphorus limits algal biomass (TN/TP >33:1)

TSI(TP) >TSI(CHL) = TSI(SD)

biomass.

Algae dominate light attenuation but some factor such as
nitrogen limitation, zooplankton grazing or toxics limit dlga
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Figure 8. Temporal Distribution of Carlson's Trophic Status Index Scores forHomme
Dam (multiple samples collected on same day are averaged)
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As stated previouslyhe NDDoH has established anlake growing season average
chlorophyllac oncent r at i on ngosttake amafese/@r natrggrit TMBEL o r
including this TMDL forHomme Dam This chlorophyHa goalcorrespondto a
chlorophylta TSI of 60which isin the eutrophic range ands such, will be a trophic
statesufficientto maintainboth aquatic life and recreatimises of mostlakes and
reservoirs in the state, including Homme Dam

Throughthe use of a calibratagater quality modelike CNET (seeSection 5.2)the
averagegrowing season TP load correspondin@moaveage growing season

chlorophylta concentration d20 pg/L canbeestmated For this TMDL, a 40 percent
reduction in the observed total phosphorus load, or 9,996 kg, is estimated to be needed to
achieve the TMDL goal for Homme Dam. Since the obsetivedveragegrowing

season average chlorophgliconcentration for Homme Dam is estimatetddgd6.9

Hg/L, the TMDL goal andhe TMDL equation presented 8ection 7.Gvas developed
assuming no future degradation of water quality within the lake (i.e., ptatection

strategy).

4.0 SIGNIFICANT SOURCES

There are no known pointgices upstream ddlommeDam Thepollutants of concern
originatefrom nonpoint sources.

5.0 TECHNICAL ANALYSIS

Establishing a relationship betweensineam water quality taegs and pollutant source loading

is a critical component of TMDL development. Identifying the caarseffect relationship
between pollutant loads and the water quality response is necessary to evaluate the loading
capacity of the receiving waterbpdThe loading capacity is the amount of a pollutant that can
be assimilated by the waterbody while still attaining and maintaining water quality standards.
This section discusses the technical analysesito estimate existing loads tdommeDamand

the pralicted trophic response of the reservoir to reductions in loading capacity.

5.1 Tributary Load Analysis

The NDDoH provided the daily flow and tributary chemistry data files to use in estimating
total phosphorus loads itlommeDam over the growing seasatefined as the period of time
from April 1 through November 30. FLUX3Rth:/mww.wes.army.mil/el/elmodels/emiinfo.njmivas

used to facilitate the analysis, to reduce the gaged inflowwtfidw data, and to estimate
growing season phosphorus loads. FLUX32 is an interactive program used for analyzing
streamflow data and estimating loads (mass transports) of nutrients and other water quality
constituents passing a tributary sampling pouar a given period of time

The FLUX32 programwasusedto estimate the annugitowing seasototal phosphorus
(TP) loadfor the gaged areapstream of Homme Dam and the gaged outflow from the
lake Mean daily flow data were provided by the NDDoH foe grears 2010 and 2011,

as well as several flow measurements paired with corresponding TP measurements.
Because the water quality goal for the lake is based upon a growing season mean
chlorophylla concentration, the data analysis was performed for théhsiohApril

through November. The screen/filter optiorFinlUX32 was used to exclude data outside
the defined growing season for both 2010 and 2011.


http://www.wes.army.mil/el/elmodels/emiinfo.html
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The basic approach of FLUX32 is to um®e of severatalculation techniquet® map the
flow/concentréion relationship developed from the sample record onto the entire flow
record. FLUX32 has the ability to stratify the data into groups basedstfgamflow,
date,and/or seasofor the purpose of reducing the error in the load estimatecheck

for anyrelationships or trends in the data that would indicate that stratification of the data
could be used to improve the resuMtatious plots of the sample flows and concentrations
were developed and analyzed

5.2 BATHTUB/CNET Trophic Response Model

The CNET model waselected t@simulate the eutrophication response witHmmme

Dam CNET is a modified version of the BATHTURater quality mode{Walker,

1996 http://wwwalker.net/bathtub/index.hjrBoth BATHTUB andCNET perform
steadystate water and nutrient balance calculations in a spatially segmented hydraulic
network. The model accounts for advective and diffusive transport and nutrient
sedimentation. Eutrophication related water quality comtiare predicted using
empirical relationships previously developed and tested for resgrvoir

CNET is a spreadsheet model <currently avai
W. Walker. The primary benefit of using CNET over BATHTUB is that therwsa

modify the CNET modeto implement aMonte Carlo approachTo complete the Monte

Carlo modelingthe CNET model was linked with a program called Crystal Ball. Crystal
Ball is proprietary software developed by Oracle
(http://www.oracle.com/us/products/applications/crystalball/index)ramd is applicable

to Monte Carlo or stochastic simulation and analysis. Stochastic modeling is an approach
where model parametersdiiorcing datale.g.,precipitation) used in the equations to
compute the annual mean concentratiotot#l phosphorusIP), chorophylta (chl-a),
andSecchi Disk §D) are allowed to vary according to their statistical distribution and
therefore their prioability of occurrence. This allows the effect of parameter uncertainty
and normal variability in the inpute.g.,amount of surface runoff which varies annually
depending upon the amount of precipitation) to be quantified when computing the mean
concentation of TP, chla, and SD.

The CNET modelwas developed in three phases. The first two phases involve the
analysis and reduction of the tributary andake water quality dataespectively The

third phase involves model calibration. In the datiuction phasehe inlake and
tributary monitoring data collected as part of the project were summarized in a format
which can serve as inputs to the model.

As described in Section 5.he tributary data were analyzed and reduced by the BRUX
program Output for the FLUX2 program is then usesk input tahe CNET model.

In addition to the estimated loads from the FL32program, theCNET model requires
information about eactomponentsf the water budgetnd nutrientnass balance
order to estnate irlake water qualityoncentrations The development of theater
budgetand nutrientmass balancesan be foundnh Appendix B.

Thereservoirwater qualitydataneeded to calibrate the modetre reducednd
summarizedn Excel using three computanal functions. These include: 1) the ability


http://wwwalker.net/bathtub/index.htm
http://www.oracle.com/us/products/applications/crystalball/index.html
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to display concentrations as a function of depth, location, or date; 2) summary statistics
(mean, median, etc.); and &j)aluation othetrophic status.The reservoir water quality
data were summarized #ee 2010° 2011 growing season average.

When the input data from FLWB2 and Excel programs are entered into@NET

mode] the user has the ability to compare predicted conditions (model output) to actual
measured concentration$he model isonsicredcalibrated when the predicted
concentration$or the trophic response variables are similar to obsezoadentrations
based on thenonitoring data.CNET then has the ability to predict total phosphorus
concentration, chlorophyl concentration, anSlecchidisk depthbased on changes in

total phosphorus loading

The CNET model wascalibratedto estimate the mean growing seaé@pril through
November)oncentrations aftal phosphoruschlorophylta, and Secchi deptbased on
the observedrowingseasoriotal phosphorus load 46,660kg. Further, it is estimated
that dout 16,367 kg ofhe totalphosphorusoadcomes from surface water runa®70

kg from internal loadingand 23 kg from atmospheric deposition (see nutrient budget in
Appendix B) Incremental reductions in the growing seatmal phosphorukbads were
simulated using CNETo show thdrophiceffect of lowering loads to Homme Dam. A
series of model scenarios were performed, where each scenario reflected an incremental
reductionof 10%in the total growing seasdatal phosphorubad to Homme Dam.
AppendixC provides anore detaid description of the modeling procesgluding

figures siowing the effects of reducingpril through NovembeTP loads tdcHomme

Dam

The loading cpacityof Homme Dam was computed using a stochastic approach based
on the hydrology and water quality simulated by the CNET mddhe loading capacity
(maximumallowable load) for theeservoirwas defined as the growing season TP load
resulting in aseasnalmeanChl-a concentratiofior the 5" percentile norexceedance
valueof 16.9¢ (.. Themeanseasonal chlorophyl concentration ishownby Figure 9
The curve nearest to the valles . 9 ofsclgofophylla for the 50 percentile value is
used to estimate the loading capacity. The vafue 6 . 9 ofeclgotophyllarepresents
the growing seasomeanChl-a eutrophication goal for nondegradatan corresponds
to a TSI value of 58.3 (eutrophiclrigure 9 shows the curve withchlorophyll-a
concentration closest to 1.8/ for the 58" percentile valués for a totalTP load of
9,996 during the April November growing seasofT he results show the value of using
a Monte Carlo approach where the underlying statistical distributions deviate
considerably from a normal distribution.

5.3 AnnAGNPS Watershed Model

The AnnualizedAgricultural NonPoint Source Pollution (AnnAGNPS) model was

developed by the USDA Agricultural Research Service and Natural Resource

Conservation Service (NRCS). The AnnAGNPS model consists of a system of computer
models used to predict nonpoint sourcytion (NPS) loadings within agricultural

watersheds. The continuous simulation surface runoff model contains programs for: 1)

i nput generation and editing; 2) fAannuali z
reformatting and analysis.
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Figure 9. Homme DamFrequency Distribution for Growing Season (April through
November)Mean Chl-a Concentrations Resulting from Select LoadReduction Scenarios
(20101 2011 condition= 16,660 kg/seasgn

The AnnAGNPS model uses batch processing, contsioallation and surface runoff
pollutant loading to generate amounts of water, sediment, and nutrients moving from land
areas (cells) and flowing into the watershed stream network at user specified locations
(reaches) on a daily basis. The water, sediment, andadlsriravel throughout the
specifiedwatershed outlets. Feedlots, gullies, point sources, and impoundments are
special components that can be included in the cells and reaches. Each component adds
water, sediment, arutrientsto the reaches.

The AnMPAGNPS model is able tpartitionsoluble nutrients between surfaceatfrand
infiltration. Sedimenfttached nutrients are also calculated in the stream system.
Sediment is divided into five particle size classes (clay, silt, sand, small aggregate, and
large aggregate) and are moved separately through the stream reaches.

AnNnAGNPS uses various models to develop an annualized load in the watershed. These
models account for surface runoff, soil moisture, erosion, nutrients, and reach routing.
Each modeserves a particular purpose and function in simulating the NPS processes
occurring in the watershed.

To generate surface runoff and soil moisture, the soil profdezidedinto two layers.

The top layer is used as the tillage layer and has proptréieshange (bulk densijty

etc.). While the remaining soil profile makes up the second layer with properties that
remain static. A daily soil moisture budget is calculated based on rainfall, irrigation, and
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snow melt runoff, evapotranspiration, and péaton. Runoff is calculated using the
NRCS Runoff Curve Number equation. These curve numbers can be modified based on
tillage operations, soil moisture, and crop stage.

Overland sediment erosion was determined using a modified watesshiedver®n of
Revised Universal Soil Loss EquatifRUSLE) (Geter and Theurer, 1998).

A daily mass balance for nitrogen (N), phosphorus (P), and organic carboar@C)
calculated for each cell. Major componeot$N and Pconsideredncludeplant uptake N
andP, fertilization, residue decomposition, and N and P transport. Soluble and sediment
absorbed N anB arealsocalculated. Nitrogen and phosphoassthen separated into
organic and mineral phases. Plant uptake N and P are modeled through a crop growt
stage index. Roschet. al. 1998)

The reach routing model moves sedimaminutrients through the watershed. Sediment
routing is calculated based upon transport capacity relationships using the Bagnold
stream poweequation (Bagnold, 1966 Routingof nutrients through the watershisd
accomplished by subdividing them into soluble aediment attached components and

are based on reach travel time, water temperature, and decay constant. Infiltration is also
used to further reduce soluble nutrienBoth the upstream and downstream points of the
reacharecalculated for equilibrium concentrations by using a first order equilibrium

model.

AnnAGNPS uses 34 different categories of input data and over 400 separate input
parameters to execute the mod€he input data categories can be split into five major
classifications: climatic data, land characterization, field operations, chemical
characteristics, and feedlot operations. Climatic data includes precipitation, maximum
and minimum air temperatunelative humidity, sky cover, and wind speed. Land
characterization consists of soil characterization, curve number, RUSLE parameters, and
watershed drainage characterization. Field operations contain tillage, planting, harvest,
rotation, chemical opetians, and irrigation schedules. Finaligedlot operations

require daily manure ratetimes of manure removal, and residue amount from previous
operations.

Input parameterareused to verify the model. Some input parameters may be repeated
for eachcell, soil type, landuse, feedlot, and channel reach. Default valuasadeble

for some input parameteisthers can be simplified because of duplication. Daily

climatic input data can be obtained through weather generators, local data, and/or both.
Geographical input data including cell boundaries, land slope, slope direction, and
landuse can be generated by GIS &MD(Digital Elevation Mbdels).

Output data is expressed through an event based report for stream reaches and a source
accounting reprt for land or reach components. Output parameters are selected by the
user for the desired watershed source locations (specific cells, reaches, feedlots, point
sources, or gullies) for any simulation period. Source accounting for land or reach
componerg are calculated as a fraction of a pollutant load passing through any reach in
the stream network that came from the user identified watershed source locations. Event
based output data is defined as event quantities for user selected parameterslat desire
stream reach locations.
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ANnAGNPS was utilized for thelommeDam Water Quality and Watershed Assessment
project. TheHommeDamwatershed delineian began with downloading a 3fleter

digital elevation model (DEMyf Cavalier andValshCountes Delineaton is defined

as drawing a boundary and dividing the land within the boundary into subwatersheds in
such a matter that each subwatershed has uniformed hydrological parameters (land slope,
elevation, etc.jFigure 10)

Landuse and soil digital imagegere therused to extract the dominate identification of
landuse and soil for each subwatershed. This process is achieved by ovédayisat

and soil images over the subwatershed file. Each dominate soil is then further identified
by its physical andlemical soil properties found in a database called National Soils
Information System (NASIS) developed by the NRCS. Dominate landuse identification
input parameters were obtained using Revised Universal Soil Loss Equation (RUSLE).

A three year simulatioperiod was run on the Homme Dam watershed at its present
condition to provide a best estimation of the current land use practices applied to the soils
and slopes of the watershed to obtain nutrient loads from the individual cells as well as
the watersheds a whole.Crop rotations were determined from 2007, 2008, and 2009

crop data from the National Agricultural Statistical Service (NASGyer 54 different

crop rotations and 29 fertilizer application rates were used to simulate current watershed
landwse conditions within the Homme Dam watershed.

Figure 10. Homme Dam AnnAGNPS Delineated Watershed Area.



